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1. Introduction
Liver biopsy (LB) is an important procedure in the diagnosis and treatment of liver diseases.
However, procedures for performing LB vary amongst institutions, and no universal guide‐
lines exist. LB is performed for two main reasons: diagnosis of a liver condition itself, and as
an adjunct to an existing surgical procedure. Recently, it has become possible to employ
both approaches with minimal invasiveness using the transjugular route or under the guid‐
ance of ultrasound, computed tomography, or laparoscopic and endoscopic ultrasound.
Techniques for liver tissue sampling include percutaneous liver biopsy [1-6], transjugular
liver biopsy [7-14], laparoscopic liver biopsy [15], and transgastric liver biopsy [16-20]. This
chapter introduces these techniques and evaluates their outcomes.
2. Percutaneous Liver Biopsy (PLB)
PLB is performed either blind or under imaging guidance. In the latter context, ultrasound
(US) or computed tomographic (CT) guidance is used. Although these results of US-guided
PLB depend greatly on the skills of the gastroenterologist, hepatologist or radiologist and
the technical capabilities and quality of the US instrument, the available data indicate that it
has a lower complication rate, requires a lower number of passes, is associated with less
pain and pain-related morbidity, has a lower likelihood of the need for a repeat procedure,
affords better-quality tissue specimens, and has only a marginally increased cost in compari‐
son with blind PLB [21].
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PLB under image guidance essentially eliminates the risk of pneumothorax, or injury to the
gallbladder or other viscera because the needle track is directly visualize of organ. Pain is
the commonest complication, and up to 75% of patients suffer some discomfort after LB [21].
However, complications after PLB require careful observation. Piccinino et al. [22] reported
that 61% of such complications appeared in the first 2 hours after the biopsy, 82% in the first
10 hours, and 96% in the first 24 hours. Strict observation is therefore required for the first 24
hours after PLB. Several large studies have shown rates of major complication after PLB
ranging from 0.09% to 2.3%, severe complications in 0.57%, and mortality ranging from
0.03% to 0.11% [23-25]. Hardman et al. [4] reported one patient with graft vs. host disease
and hypertension who died after PLB. This patient had multi-organ system failure at the
time of biopsy and died within 24 hours of the biopsy. Furthermore, the complications of
PLB seem to be related to the type of technique employed. In fact, the complications associ‐
ated with US-guided PLB are significantly lower than those associated with blind PLB: 0.5%
vs. 2.2% for severe complications [26], 2% vs. 4% [27] and 1.8% vs. 7.7% [28] for total compli‐
cations. PLB under US guidance is recommended as a reasonable and cost-efficient proce‐
dure [1, 26, 28]. However, EI-Shabrawi et al. [5] have reported that blind PLB performed by
the Menghini aspiration technique is safe even in infants and small children without mortal‐
ity or major complications such as bile leakage, pneumothorax, and bleeding requiring
blood transfusion. Szymczak et al. [6] also reported the safety and effectiveness of blind PLB
based on an analysis of 1412 procedures, and showed that the rates of complications and
failure were dependent on the experience of the operator. Moreover, the needle used was
the Menghini-type suction needle, which carries a smaller risk of bleeding than cutting nee‐
dles such as the widely employed Tru-cut needle. They concluded that the risk of complica‐
tions and failure rate are low if the indications and contraindications are considered
carefully and the biopsy is performed by a skilled and experienced operator.
Furthermore, with regard to bleeding after PLB, Alotaibi et al. [3] have reported that a posi‐
tive color Doppler sign in US indicates bleeding along the biopsy tract, and that US-guided
compression is effective for achieving appropriate hemostasis. Also, tract-plugging of the bi‐
opsy tract with Gelfoam or other thrombotic agents, is an important procedure for reducing
the risk of bleeding and subcapsular hematoma in PLB [2]. Nevertheless, in patients with as‐
cites or abnormal coagulation profiles, another procedure should be considered because of
the high risk of possible bleeding complications.
3. Transjugular Liver Biopsy (TJLB)
TJLB was initially introduced in dogs as an experimental application by Dotter [29]. Rosch
[7, 8] then reported its clinical application for transjugular cholangiography in 1973 and
1975. TJLB eliminates the need to traverse the peritoneal cavity and puncture the liver cap‐
sule. Furthermore, this technique is a safer biopsy option for patients with massive ascites,
coagulopathy (prothrombin time greater than 3 seconds over the control value), thrombocy‐
topenia (less then 60,000/cm3), or those undergoing ancillary procedures such as measure‐
ment of pressures or opacification of the hepatic vein and inferior vena cava. It can also be
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applied for patients in whom PLB has failed, or those with morbid obesity, a small cirrhotic
liver, suspected vascular tumor or peliosis hepatitis, or medical conditions associated with
bleeding disorders such as hemophilia for whom PLB is contraindicated [11, 30, 31], as any
bleeding is returned to the venous system rather than leaking into the abdomen.
However, there are several particular complications associated with TJLB, including hemor‐
rhage, subcapsular or neck hematoma and ventricular arrhythmia. The rate of such compli‐
cations ranges from 0% to 20% [11]. Hardman et al. [4] reported a large subcapsular
hematoma caused by TJLB requiring embolization and prolonged admission. Lebrec et al.
[9] also reported a fatal case of intraperitoneal hemorrhage due to perforation of the liver
capsule caused by excessive of the needle. Therefore, such forward rotation must be avoided
or carefully limited. Furthermore, there have been several direct instances of perforation of
the liver capsule that resulted in aspiration of ascitic fluid, bile from the gallbladder, or renal
tissue in patients with a small cirrhotic liver. In such patients, TJLB should be avoided or
employed only with caution by advancing the needle into the liver parenchyma by only 1
cm instead of the usual 2 cm, or contrast medium should be injected after the biopsy to eval‐
uate the integrity of liver capsule. The major drawback of TJLB is the size of the biopsy
specimens obtained; they are generally smaller (p <0.001) and more fragmented (p <0.01)
than those obtained by PLB [12]. Pathologically, in terms of the number of portal tracts (p
<0.0001) and the utility of specimens for histological evaluation (p <0.05), the quality of TJLB
samples appears to be significantly lower compared than those of PLB and LLB specimens
[14]. With regard to technical success rate, that of TJLB (82%: 84/102) is significantly lower
(P=0.005) than PLB (100%: 100/100) or LLB (99%: 111/112) [14]. However, Bull et al. [10] re‐
ported a success rate of 97% (188/197) in 1983, and a recent meta-analysis including more
than 7500 cases revealed a technical success rate of 96.8% [13]. These reports suggest that
there is no significant difference between TJLB and others techniques in terms of success
rate. The most common reason for failure was inability to catheterize the right hepatic vein.
In actual practice, TJLB requires a longer procedure time (40 min) than PLB. A few deaths
after TJLB have been reported, with a mortality rate of 0-0.5% [10, 32, 33]; mortality was due
to hemorrhage from the liver or ventricular arrhythmia.
Therefore, TJLB should be attempted only by a skilled interventional radiologist or physi‐
cian experienced in catheterization and cannulation of the internal jugular vein due to its
more time-consuming nature, use of intravenous contrast, and the need for a dedicated fluo‐
roscopy suite. In fact, TJLB can be valuable in cases for which PLB is hazardous, or when
pressure measurement or venography is also required [34]. Despite the smaller biopsy sam‐
ples obtained, the impact of TJLB on clinical decision-making appears to be comparable to
that of PLB and LLB. In particular, it may help to determine the need for liver transplanta‐
tion in patients with acute liver failure.
4. Laparoscopic Liver Biopsy (LLB)
There are several approaches for LLB, including PLB under laparoscopic observation, LB
through an additional port under laparoscopic observation, or LB combined with another
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laparoscopic procedure. LLB allows direct observation of the biopsy site and yields with
macroscopic information about the liver surface. This facilitates an adequate sample volume
to be obtained, including wedge resection, without sampling error, and also allows laparo‐
scopic confirmation of hemostasis. These are the advantages of LLB in comparison with
PLB. If bleeding from the biopsy site persists, compression or coagulation can easily be ap‐
plied using several types of special forceps.
However, LLB requires general anesthesia and specialized equipment, including insuffla‐
tion devices and laparoscopic instruments. On the other hand, PLB under laparoscopic ob‐
servation can be done under local anesthesia using pneumoperitoneum under sedation
using midazolam and disoprivan, or under general anesthesia using an abdominal wall lift
method [15]. For laparoscopy, pneumoperitoneum is created by N2O insufflation via a Ver‐
ess needle, generally inserted to the left of the umbilicus. A second port is added on the
right side by inserting a trocar. A 16-gauge True-cut needle is inserted and biopsy samples
of the liver can be taken from the left and right lobes under laparoscopic guidance. The bi‐
opsy sites can be prophylactically coagulated. Beckmann et al. [14] reported that the compli‐
cations observed after LLB were bleeding and bile leakage, and that the complication rate
(2.7%) was roughly equal to that of PLB (3%) and TJLB (2.9%).
In general, LLB requires a long set-up time for starting the procedure, gas insufflation to cre‐
ate an adequate operative field, preparation of several laparoscopic instruments, and an op‐
erating theater. LLB is the most appropriate method for patients who need both a
pathological diagnosis of liver dysfunction or tumor and laparoscopic procedures for intra-
abdominal diseases.
5. Transgastric Liver Biopsy (TGLB)
For TGLB, Hollerbach et al. [17] have reported an endoscopic ultrasound-guided fine-needle
aspiration biopsy procedure for liver lesions. This method is one of several transgastric ap‐
proaches and can be an alternative to PLB, particularly for patients with a risk of bleeding or
small lesions in the liver, although targeting may be limited according to tumor location.
Recently, natural orifice translumenal endoscopic surgery (NOTES) has been introduced,
creating no skin scars and involving only minimal invasiveness. NOTES has created a new
access route (via the stomach) to the peritoneal cavity. TGLB using NOTES creates no dam‐
age to the outside of the body and allows direct observation of the biopsy site inside the
body, unlike PLB or TJLB. In an experimental study, Mintz et al. [35, 36] reported successful
LB using a hybrid technique that included standard laparoscope vision and surgical endos‐
copy. As outlined in a white paper from the American Society for Gastrointestinal Endos‐
copy and Society of American Gastrointestinal and Endoscopic Surgeons [37, 38], for clinical
application of NOTES, it is necessary to establish safe access to the peritoneal cavity, com‐
plete closure of the access route, prevention of infection, correct intra-abdominal orientation,
development of a multitasking platform, methods for management of accidental complica‐
tions, awareness of unanticipated physiologic events, and training in the technique. In par‐
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ticular, infection or bacterial contamination in the abdomen due to opening of the digestive
tract is a great concern in NOTES. However, no studies have quantified the bacteriological
load to which the peritoneum is exposed during transgastric procedures [19]. Steele et al.
[20] reported a pilot feasibility study of transgastric peritoneoscopy and liver biopsy during
laparoscopic Roux-en-Y gastric bypass. LB was performed from segment II, III or IVb of the
liver to obtain tissue samples adequate for histologic examination. None of patients exhibit‐
ed any signs or symptoms of intra-abdominal or trocar wound infection after the procedure.
For TGLB [39], under general anesthesia a forward-viewing, double-channel endoscope is
advanced into the stomach. Puncture of the gastric wall is performed with a 3-mm cutting-
wire needle knife. The puncture site is enlarged to 8mm with a balloon dilator and then the
endoscope is advanced into the peritoneal cavity. The peritoneal cavity is then inflated with
air through the endoscope. The liver is easily visualized by retroflexion of the endoscope. LB
is performed using routine biopsy forceps from the edge of the liver (segment III) (Fig. 1),
and hemostasis of the biopsy site is achieved by electrocautery with biopsy forceps (Fig. 2).
The gastric artificial orifice is then closed using endoscopic clips.
Figure 1. Liver biopsy was performed using routine biopsy forceps from the edge of the liver.
Transgastric peritoneoscopy developed by Kalloo et al. [16, 18] showed no association with
serious infection or other complications in the peritoneal cavity during long- term observa‐
tion. Furthermore, Hazey et al. [40] reported that although contamination of the peritoneal
cavity was observed during laparoscopic Roux-en-Y gastric bypass, no clinically significant
episode, such as abscess formation or infectious complications, occurred. From these find‐
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ings, although peroral TGLB requires the creation of an artificial injury in a normal organ, it
will likely become a widely used alternative to other LB methods.
Figure 2. Hemostasis was confirmed at the site of liver biopsy.
6. Conclusion
In conclusion, TGLB is technically feasible and has the potential to become an alternative to
routine liver biopsy. The transgastric endoscopic approach has a wide range of diagnostic
and therapeutic applications.
Author details
Nobumi Tagaya*, Nana Makino, Kazuyuki Saito, Takashi Okuyama,
Yoshitake Sugamata and Masatoshi Oya
*Address all correspondence to: tagaya@dokkyomed.ac.jp
Department of Surgery, Dokkyo Medical University Koshigaya Hospital, Koshigaya, Saita‐
ma, Japan
Liver Biopsy – Indications, Procedures, Results28
References
[1] Lindor KD et al. (1996). The role of ultrasonography and automatic-needle biopsy in
outpatient percutaneous liver biopsy. Hepatology 23: 1079-1983.
[2] Sporea I et al. (2008). Why, who and how should perform liver biopsy in chronic liv‐
er disease. World J Gastroenterol 14: 3396-3402.
[3] Alotaibi M et al. (2010). The positive color Doppler sign post biopsy: effectiveness of
US-directed compression in achieving hemostasis. Pediatr Radiol [DOI 10.1007/
s00247-010-1848-7].
[4] Hardman RL et al. (2010). Single-institution results of image-guided nonplugged per‐
cutaneous versus transjugular liver biopsy. Cardiovasc Intervent Radiol [DOI
10.1007/s00270-010-9924-9].
[5] EI-Shabrawi et al. (2012). Outpatient blind percutaneous liver biopsy in infants and
children: Is it safe? Saudi J Gastroenterol 18 (1): 26-33.
[6] Szymczak A et al. (2012). Safety and effectiveness of blind percutaneous liver biopsy:
Analysis of 1412 procedures. Hepat Mon 2012: 32-37. [DOI: 10.5812/kowsar.
1735143X.810].
[7] Rosch J et al. (1973). Transjugular approach to liver biopsy and transhepatic cholan‐
giography. N Engl J Med 289: 227-231.
[8] Rosch J et al. (1975). Transjugular approach to the liver, biliary system, and portal cir‐
culation. Am J Roentgenol Radium Ther Nucl Med 125 (3): 602-608.
[9] Lebrec D et al. (1987). Transvenous (transjugular) liver biopsy. An experience based
on 100 biopsies. Am J Dig Dis 23 (4): 302-304.
[10] Bull HJM, et al. (1983). Experience with transjugular liver biopsy. Gut 24: 1057-1060.
[11] McAfee JH et al. (1992). Transjugular liver biopsy. Hepatology 15 (4): 726-732.
[12] Meng HC et al. (1994). Transjugular liver biopsy: comparison with percutaneous liv‐
er biopsy. J Gastroenterol Hepatol 9 (5): 457-461.
[13] Keshava SN, et al. (2008) Transjugular liver biopsy: What to do and what not to do.
Ind J Radiol Imaging 18: 245-248.
[14] Beckmann MG, et al. (2009). Clinical relevance of transjugular liver biopsy in com‐
parison with percutaneous and laparoscopic liver biopsy. Gastroenterol Res Pract
[DOI: 10.1155/2009/947014].
[15] Chiesa OA, et al. (2009). Isobaric (gasless) laparoscopic liver and kidney biopsy in
standing steers. Can J Vet Res 73 (1): 42-48.
Types of Liver Biopsy
http://dx.doi.org/10.5772/52914
29
[16] Kalloo AN et al. (2000). Flexible transgastric peritoneoscopy: a novel approach to di‐
agnostic and therapeutic interventions in the peritoneal cavity [abstract]. Gastroen‐
terology, 118, pp.A1039.
[17] Hollerbach S, et al. (2003). Endoscopic ultrasound-guided fine–needle aspiration bi‐
opsy of the liver: histological and cytological assessment. Endoscopy 35 (9): 743-749.
[18] Kalloo AN et al. (2004). Flexible transgastric peritoneoscopy: a novel approach to di‐
agnostic and therapeutic interventions in the peritoneal cavity. Gastrointest Endosc
60 (1): 114-117.
[19] Babatin MA et al. (2007). NOTES: Evolving trends in endoscopic surgery. Saudi J
Gastroenterol 13 (4): 207-210.
[20] Steele K et al. (2008). Flexible transgastric peritoneoscopy and liver biopsy: a feasibili‐
ty study in human beings (with video). Gastrointest Endosc 68 (1): 61-66.
[21] Vijayaraghavan GR et al. (2011). Imaging-guided parenchymal liver biopsy: How we
do it. J Clin Imaging Sci [DOI: 10.4103/2156-7514.82082].
[22] Piccinino F et al. (1986). Complications following percutaneous liver biopsy. A multi‐
centre retrospective study on 68,276 biopsies. J Hepatol 2: 165-173.
[23] Poynard T et al. (2000). Appropriateness of liver biopsy. Can J Gastroenterol 14: 543–
548.
[24] McGill DB et al. (1990). A 21-year experience with major hemorrhage after percutane‐
ous liver biopsy. Gastroenterology 99: 1396–1400.
[25] Cadranel JF et al. (2000). Practices of liver biopsy in France: results of a prospective
nationwide survey. For the Group of Epidemiology of the French Association for the
Study of the Liver (AFEF). Hepatology 32: 477-481.
[26] Pasha T et al. (1998). Cost-effectiveness of ultrasound-guided liver biopsy. Hepatolo‐
gy 27: 1220-1226.
[27] Younossi ZM et al. (1998). Ultrasound-guided liver biopsy for parenchymal liver dis‐
ease: an economic analysis. Dig Dis Sci 43: 46-50.
[28] Farrell RJ et al. (1999). Guided versus blind liver biopsy for chronic hepatitis C; clini‐
cal benefits and costs. J Hepatol 30: 580-587.
[29] Dotter CT. (1964) Catheter biopsy: experimental technique for transvenous liver bi‐
opsy. Radiology 82: 312-314.
[30] Bravo AA et al. (2001). Liver biopsy. N Engl J Med 344: 495-500.
[31] Rockey D et al. (2009). American Association for the Study of Liver Diseases. Liver
biopsy. Hepatology 49: 1017-1044.
[32] Colapinto RF. (1985). Transjugular biopsy of the liver. Clin Gastroenterol 14 (2):
451-467.
Liver Biopsy – Indications, Procedures, Results30
[33] Kalambokis G et al. (2007). Transjugular liver biopsy-indications, adequacy, quality
of specimens, and complications: A systematic review. J Hepatol 47: 284-294.
[34] Gilmore IT, et al. (1977). Transjugular liver biopsy. Br Med J 9: 100-101.
[35] Mintz Y et al. (2007). NOTES: The hybrid technique. J Laparoendosc Adv Surg Tech
17: 402-406.
[36] Mintz Y et al. (2008). NOTES: A review of the technical problems encountered and
their solutions. J Laparoendosc Adv Surg Tech18: 583-587.
[37] ASGE & SAGES. (2006). ASGE/SAGES working group on natural orifice translume‐
nal endoscopic surgery: White paper October 2005. Gastrointest Endosc 63: 199-203.
[38] Rattner D & Kalloo A: ASGE/SAGES Working Group. (2006). ASGE/SAGES working
group on natural orifice translumenal endoscopic surgery. October 2005. Surg En‐
dosc 20: 329-33.
[39] Tagaya N, et al. (2010). Transgastric liver biopsy using the NOTES technique: an ani‐
mal study. In Tech-Open Access Publisher, Inc., Liver Biopsy. Part 1, Chapter 11, pp
171-178.
[40] Hazey JW et al. (2008). Natural-orifice transgastric endoscopic peritoneoscopy in hu‐
mans: Initial clinical trial. Surg Endosc 22: 16-20.
Types of Liver Biopsy
http://dx.doi.org/10.5772/52914
31

